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(57) ABSTRACT 

The present invention provides a process for producing a 
nano-graphite structure having a desired tWo-dirnensional or 
three-dimensional shape, Which process possesses enough 
potential for ultra-?ne processing to alloW free selection of 
the siZe, shape, and position for the construction therefor; 
typically a process in Which the nano-graphite structure 4 is 
produced by such a Way Where a nano-structure amorphous 
carbon structure 2 formed on a substrate 1 in advance in the 
shape of a desired ultra-?ne steric con?guration by a beam 
eXcited reaction is equipped With catalyst metal atoms such 
as iron contained therein, and When subjecting the steric 
structure to a low-temperature heat treatment, the structure 
is converted into the graphite structure 3 through a catalytic 
therrnal reaction by means of the catalyst metal atoms 
involved therein, While the shape of steric con?guration 
thereof holds. 
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PROCESS FOR PRODUCTION OF 
NANO-GRAPHITE STRUCTURE 

TECHNICAL FIELD 

[0001] The present invention relates to a nano-graphite 
structure shaped into an ultra-?ne steric con?guration and a 
process for production thereof. More speci?cally, the present 
invention relates to a process for producing a nano-graphite 
structure having a desired tWo-dimensional or three-dimen 
sional shape. 

BACKGROUND ART 

[0002] Graphite is a material shoWing good anisotropic 
electric conduction and good anisotropic heat conduction 
and being superior in mechanical strength. A carbon nano 
tube is such a material having a carbon atom alignment 
structure similar to that of Graphite that is formed in the tube 
like shape With nano-scale diameter. Incidentally to the 
tubular shape, this carbon nano-tube has unique electrical 
conductivity and mechanical properties such as Young’s 
modulus close to that of diamond; therefore, it is expected 
that use of structures made of such a carbon nano-tube Will 
be Wildly developed in various application ?elds in the 
future. With the synthetic technique currently used in syn 
thesis of a carbon nano-tube, it is possible to synthesiZe a 
tubular or horn-shaped product someWhat selectively in a 
large amount; hoWever, it is dif?cult to apply the above 
technique per se in production of a nano-scale structure 
being formed in any complicated and desired shape, Which 
is composed of the carbon nano-tube. 

[0003] In addition, as a technique for synthesiZing a car 
bon nano-tube on a Si substrate, there is a method charac 
teriZed in that a very small pattern of iron or nickel is in 
advance formed on a Si substrate and then such a metal 
pattern is used as a seed (catalyst) for catalytic reaction to 
place a selective restriction on a position for groWth of a 
carbon nano-tube. Speci?cally, it is a technique in Which a 
raW material such as methane gas or the like is decomposed 
by using a metal (e.g. iron or nickel) as a catalyst site that 
is positioned at the surface of a very small pattern of desired 
shape, and groWth of a nano-tube is made out of the carbon 
atoms originated therefrom, Which alloWs a carbon nano 
tube having a desired pattern to be synthesiZed. 

[0004] MeanWhile, as another method for enabling selec 
tive groWth of a carbon nano-tube With the position and 
shape being controlled, there is a method in Which in place 
of a carbon source obtained by decomposition of a raW 
material gas such as methane gas or the like, a SiC is used 
as the basic material, and catalytically groWth into a graphite 
structure is made out from carbon atoms being obtainable by 
decomposition of SiC (Jpn. J. Appl. Phys. Vol. 37, (1998) pp. 
L605-L606). In this method, the SiC used as the basic 
material is decomposed When being heated up, the resulting 
Si is vaporiZed, the remaining C is orientated on the surface 
of SiC used for the basic material and is groWn, for example, 
into a graphite structure such as a carbon nano-tube. By 
forming a very small pattern beforehand on surface of the 
SiC used as the basic material, the position and planar shape 
to be formed can be controlled. HoWever, in these methods 
in Which a very ?ne pattern set up on a substrate is used to 
produce a carbon nano-tube layer With the shape corre 
sponding to the pattern, there can be groWn, for example, a 
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tubular shape graphite of desired diameter (a nano-tube in a 
broad sense); hoWever, it is impossible to produce a three 
dimensional graphite structure shoWing a desired shape for 
external form. 

[0005] MeanWhile, as for an attempt to produce a carbon 
nano-tube having a branched structure, there has been 
reported an example of formation of a Y-shaped structure 
directed by preformation in Which magnesium oxide is 
employed as a catalyst material to synthesiZe a Y-shaped 
branch in the nano-tube corresponding to the crystalline 
orientation of the magnesium oxide, for example, in Appl. 
Phys. Lett., 79,1879-1881 (2001). Also, as for a process for 
forming a graphite structure With T-shaped or branched 
con?guration, for example, such a process reported in 
Nature 402, 253-254 (1999) gained a graphite structure With 
T-shaped or branched con?guration, in Which process a hole 
having a T-shape or a branched shape is built in an alumina 
block by means of electric ?eld etching and groWth of a 
graphite is made by using the hole as a template therefor to 
obtain a graphite structure With T-shaped or branched con 
?guration. Then, the alumina mold is liquated selectively, 
Whereby an intended T-shaped branched graphite structure 
can be taken out. All these methods being applicable to the 
production of a branched structure are means suitable for 
formation of a particular branched structure; hoWever, With 
these methods, it is impossible to synthesiZe a three-dimen 
sional graphite structure in such a case that its shape, siZe 
and position to be formed on substrate are freely pre 
determined. 

[0006] On the other hand, a technique for groWing an 
amorphous carbon three-dimensional structure by using 
decomposition reaction of a hydrocarbon compound by 
means of such an energy source as a focussed ion beam or 

an electron beam has been reported by Matsui, Fujita, etc. [J . 
Vac. Sci. Technol. B 16 (6), 3181-3184 (2000)]. In said 
technique, a hydrocarbon compound gas, for example, a 
vaporiZed aromatic hydrocarbon such as pyrene or phenan 
threne, is sprayed on a speci?c position on a substrate 
surface to Which a focussed ion beam or an electron beam is 
partially applied. The hydrocarbon compound molecules 
being adsorbed on the substrate surface are decomposed by 
the secondary electrons released from the position irradiated 
With the electron beam or the ion beam, and amorphous 
carbon as a decomposition product groWs locally into a 
structure. 

[0007] In the groWth of amorphous carbon using the above 
technique, by Well controlling the partial pressure of raW 
material gas, the temperature of substrate surface and the 
beam scanning condition for the irradiation, the in-plane 
migration of the active species (eg carbon) formed by 
decomposition is utiliZed to alloW also the groWth in a 
direction normal to the direction of the beam irradiation, i.e. 
a lateral direction groWth to take place. It is reported that by 
combining this lateral direction groWth and the rotational 
scanning of the irradiation beam, even a three-dimensional 
amorphous carbon structure of nano-scale, such as Wine 
glass, nano-coil or nano-drill can be produced. It has been 
revealed that With such a technique using a focussed ion 
beam or an electron beam as an energy source, a ?ne 

diameter of the ion beam is successfully used to control the 
siZe of processing Within the precision of several nano 
meters and further to produce a three-dimensional holloW 
structure, and therefore, the technique is a very important 
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nano-processing technique. Such a technique for producing 
a nano-scale three-dimensional structure made from amor 
phous carbon is considered to be applied to, for example, 
nano-scale mechanical device (NEMS) or bio-electronics, 
and further is expected to be applied to such a Wider range 
of ?elds including medical care, aerospace engineering and 
next-generation electronics such as quantum-processing 
computer. 

DISCLOSURE OF THE INVENTION 

[0008] The nano-scale amorphous carbon three-dimen 
sional structure being producible by the process described 
above attains a hardness (a Young’s modulus) as high as 600 
to 800 GPa by itself [J . Vac. Sci. Technol. B 20(6), 2686 
2689 (2002)], and accordingly is per se in very Wide 
industrial uses including such devices reduced to practice as 
?lters utiliZing resonance phenomenon, nano-mechanical 
devices or the like. Further, the high-hardness amorphous 
carbon exhibits a strong dielectric strength for insulation as 
it has the structure in Which a bond of sp2 hybrid type and 
a bond of sp3 hybrid type are involved at the state of random 
mixture. HoWever, in the high-hardness amorphous carbon, 
change in its structure induced by a heat-treatment, etc. may 
affect easily its properties, for instance, Which results in a 
reduction in hardness or an increase in electrical conductiv 
ity. 
[0009] Hence, it is desired to develop a process applicable 
to production of a nano-scale three-dimensional structure 
formed in desired shape, Which is composed of a carbon 
material of graphite structure having a high Young’s modu 
lus and being free from further structural change caused by 
a heat treatment, etc. in place of a high-hardness amorphous 
carbon. 

[0010] The present invention solves the above-mentioned 
problems, and thus the aim of the present invention is to 
provide 

[0011] a process for producing a nano-graphite struc 
ture having a desired tWo-dimensional or three 
dimensional nano-scale steric con?guration, Which 
process possesses as high potential for ultra-?ne 
processing enough to alloW free selection of the siZe, 
shape, and position for the construction therefor as 
that of the technique for groWing the nano-scale 
three-dimensional amorphous carbon structure With 
the siZe, shape, and position for the construction 
freely chosen, Which is obtainable by use of decom 
positive reaction of a hydrocarbon compound by 
means of such an energy source as a focussed ion 

beam or an electron beam, and also 

[0012] a nano-graphite structure being producible by 
applying the same process. 

[0013] The present inventors made a study diligently in 
order to solve above-mentioned problems. As a result, the 
present inventors found out that high-hardness amorphous 
carbon has such a feature that its internal structure is 
changed When subjected to a heat treatment, and in such a 
case, in particular When the amorphous carbon being 
equipped With catalyst metal atoms present Within the inside 
thereof or on the surface thereof is subjected to a loW 
temperature heat treatment, the amorphous carbon can be 
selectively graphitiZed by a catalytic thermal reaction. The 

Apr. 14, 2005 

present inventors further found out that When there is 
employed, as the high-hardness amorphous carbon, a nano 
scale amorphous carbon structure With desired siZe, shape, 
and position for the construction therefor, Which is produc 
ible by, for example, use of decompositive reaction of a 
hydrocarbon compound by means of an energy source such 
as a focussed ion beam or an electron beam, the structure is 
totally graphitiZed by the catalytic thermal reaction When 
subjected to said loW-temperature heat treatment, and as the 
result, there can be produced a nano-graphite structure 
keeping the ultra-?ne tWo-dimensional or three-dimensional 
con?guration thereof. The present inventors completed the 
present invention based on these ?ndings. 

[0014] Accordingly, the process for producing a nano 
graphite structure according to the present invention is 

[0015] a process for producing a nano-graphite struc 
ture having a desired tWo-dimensional or three 
dimensional nano-scale steric con?guration, charac 
teriZed in that the process for producing the nano 
graphite structure comprises a step of applying a heat 
treatment to a steric structure Which is an amorphous 
carbon structure having a nano-scale steric con?gu 
ration equivalent to said desired tWo-dimensional or 
three-dimensional nano-scale steric con?guration 
and is equipped With catalyst metal atoms involved 
Within the inside thereof or adhered on the surface 
thereof, to graphitiZe said amorphous carbon thereof 
and convert the structure to a graphite structure 
keeping the shape of nano-scale steric con?guration. 

[0016] Furthermore, in the process for producing a nano 
graphite structure according to the present invention, there 
can be preferably used iron, nickel or molybdenum as said 
catalyst metal atoms. Additionally, said heat treatment is 
preferred to be a heat treatment at a loW temperature in 
Which the treatment temperature is selected Within a range of 
700° C. to 900° C., depending upon the kind of said catalyst 
metal atoms. 

[0017] MeanWhile, in the process for producing a nano 
graphite structure according to the present invention, said 
amorphous carbon structure having the nano-scale steric 
con?guration may be an amorphous carbon structure having 
a holloW three-dimensional steric con?guration formed in 
nano-scale, Which is constructed through a decompositive 
synthetic reaction by means of a focussed ion beam by using 
at least hydrocarbon molecules as a reaction precursor for 
carbon source therefor. For instance, said amorphous carbon 
structure having the nano-scale steric con?guration may be 
an amorphous carbon structure having a holloW three 
dimensional steric con?guration formed in nano-scale, 
Which is constructed through a decompositive synthetic 
reaction by means of an electron beam by using at least 
hydrocarbon molecules as a reaction precursor for carbon 
source therefor. 

[0018] In addition, said amorphous carbon structure hav 
ing a nano-structure steric con?guration may be a structure 
being constructed through a decompositive synthetic reac 
tion by means of a beam source for excitation chosen from 
a focussed ion beam or an electron beam by using organo 
metal molecules and high-molecular hydrocarbon molecules 
as reaction precursors for carbon source therefor, and 
involving the metal element contained in said organometal 
molecules Within the inside of the steric structure formed, as 
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the catalyst metal atoms. In such a case, the process may be 
constituted as a process for producing the nano-graphite 
structure characterized in that said amorphous carbon struc 
ture having a nano-scale steric con?guration is a structure 
containing said catalyst metal atoms in the Whole portion of 
the steric structure formed and, When subjected to a heat 
treatment, said amorphous carbon thereof is graphitiZed by 
the catalytic thermal reaction to be converted into a three 
dimensional graphite structure. Alternatively, the process 
may be constituted as a process for producing the nano 
graphite structure characteriZed in that said amorphous 
carbon structure having a nano-scale steric con?guration is 
a structure containing said catalyst metal atoms in a portion 
of the steric structure formed, and When subjected to a heat 
treatment, said amorphous carbon thereof is graphitiZed by 
a catalytic thermal reaction to be converted into a three 
dimensional graphite structure. 

[0019] Further, in the process for producing a nano-graph 
ite structure according to the present invention, the process 
may be constituted as a process for producing the nano 
graphite structure characteriZed in that said amorphous 
carbon structure having a nano-scale steric con?guration is 
a structure constructed on the surface of a substrate, Which 
is formed in such a Way Where said catalyst metal atoms are 
adhered onto said surface of a substrate by vapor deposition 
or by sputtering, prior to the construction thereof, to be 
equipped With the catalyst metal atoms adhered on the 
bottom surface of the steric structure, and 

[0020] When subjected to a heat treatment, said amor 
phous carbon thereof is graphitiZed by a catalytic 
thermal reaction to be converted into a three-dimen 
sional structure made of graphite. Alternatively, the 
process may be constituted as a process for producing 
the nano-graphite structure characteriZed in that said 
amorphous carbon structure having a nano-scale steric 
con?guration is a structure being equipped With said 
catalyst metal atoms that are adhered by vapor depo 
sition or by sputtering, post to the constriction thereof, 
on said surface of the structure, and 

[0021] When subjected to a heat treatment, said amor 
phous carbon thereof is graphitiZed by a catalytic 
thermal reaction to be converted into a three-dimen 
sional structure made of graphite. 

[0022] Furthermore, the present invention also provides an 
invention of nano-graphite structure that is producible by 
use of the above-described process for producing a nano 
graphite structure according to the present invention. That is, 
the nano-graphite structure according to the present inven 
tion is a graphite structure having a desired tWo-dimensional 
or three-dimensional nano-scale steric con?guration, char 
acteriZed in that the nano-graphite structure is to be pro 
duced by a process for production of a nano-graphite struc 
ture according to the present invention that has any one of 
constitutions as de?ned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a sectional vieW schematically shoWing 
an eXample of embodiments of the process for producing a 
nano-graphite structure according to the present invention, 
Which is applicable to production of a pillar-shaped graphite 
structure. 
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[0024] FIG. 2 is a sectional vieW schematically shoWing 
an eXample of a pillar-shaped graphite structure being pro 
ducible by applying the process for producing a nano 
graphite structure according to the present invention. 

[0025] FIG. 3 is a sectional vieW schematically shoWing 
another eXample of embodiments of the process for produc 
ing a nano-graphite structure according to the present inven 
tion, Which is applicable to production of a pillar-shaped 
graphite structure. 

[0026] FIG. 4 is a sectional vieW schematically shoWing 
the third eXample of embodiments of the process for pro 
ducing a nano-graphite structure according to the present 
invention, Which is applicable to production of a pillar 
shaped graphite structure. 

[0027] FIG. 5 is a sectional vieW schematically shoWing 
the fourth eXample of embodiments of the process for 
producing a nano-graphite structure according to the present 
invention, Which is applicable to production of a pillar 
shaped graphite structure. 

[0028] FIG. 6 is a sectional vieW schematically shoWing 
an eXample of embodiments of the process for producing a 
nano-graphite structure according to the present invention, 
Which is applicable to production of a graphite structure With 
Y-branching shape. 

[0029] FIG. 7 is a sectional vieW schematically shoWing 
an eXample of a graphite structure With Y-branching shape, 
Which is producible by applying the process for producing a 
nano-graphite structure according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0030] The process for producing a nano-graphite struc 
ture according to the present is such a process characteriZed 
in that, an amorphous carbon structure having a desired 
ultra-?ne tWo-dimensional or three-dimensional steric con 
?guration is beforehand produced, Which is in such a state 
that catalyst metal atoms of iron or the like are contained in 
the inside of the structure or catalyst metal atoms are 
adhered on the surface thereof; When the Whole portion of 
the nano-scale amorphous carbon structure is subjected to a 
heat treatment at as loW temperatures as about 700° C., 
progress of selective graphitiZation thereof is made by a 
catalytic thermal reaction induced by the catalyst metal 
atoms involved therein; ?nally, the amorphous carbon is 
converted into nano-graphite crystals being stable structur 
ally and chemically, While the ultra-?ne steric con?guration 
originally formed is kept. 

[0031] The present invention is explained in more detail 
beloW. 

[0032] In the process for producing a nano-graphite struc 
ture according to the present invention, there is used, as the 
starting material, an amorphous carbon structure prepared 
beforehand in shape having a desired ultra?ne tWo-dimen 
sional or three-dimensional steric con?guration. In produc 
ing such a nano-scale amorphous carbon structure, there can 
be used the above-mentioned technique for groWing an 
amorphous carbon three-dimensional structure by decom 
position reaction of a hydrocarbon compound using a 
focussed ion beam or an electron beam as an energy source. 

Speci?cally, using a focussed ion beam apparatus or an 
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electron beam apparatus, a beam is applied to a desired 
position on a substrate and, simultaneously thereWith, a 
reaction precursor such as an aromatic hydrocarbon gas is 
fed locally as a carbon source to give rise to its decompo 
sition reaction, Whereby a nano-scale amorphous carbon 
structure can be formed. 

[0033] In the above decomposition reaction due to the 
irradiation With an ion beam or an electron beam, While there 
is a direct reaction betWeen the reaction precursor and the 
primary ion species or primary electrons of high energy, the 
main mechanism for the decompositive formation reaction is 
generally a decomposition reaction of the reaction precursor 
being adsorbed on the substrate surface Which is caused by 
a plurality of secondary electrons generated by impact of 
high-energy primary species or primary electrons on the 
substrate surface. For instance, in the focussed ion beam 
apparatus or electron beam apparatus, recent improvement 
in performance of these beam apparatus provides the effec 
tive beam diameter of the electron or ion beam irradiation 
being as small as 5 to 7 nm. When a high-energy electron 
beam or ion beam of such a small diameter is applied onto 
a substrate or a decomposition product, for example, for 
irradiation With an ion having an accelerated energy of about 
30 keV, the depth of its penetration reaches several tens of 
nano-meters; in this case, a spread of about several tens of 
nano-meters takes place oWing to forWard scattering. There 
occur, as the elementary processes taking place during the 
impact, via an Auger mechanism, a excitation mechanism of 
outer shell electrons of atom, and an inelastic scattering 
process, secondary electrons having an energy of several eV 
to several keV are released. The cross section for reaction of 
such secondary electrons of loW energy to the reaction 
precursor is so large that the secondary electrons react 
efficiently with the reaction precursor adsorbed on the sub 
strate surface, and thereby the reaction precursor is decom 
posed in a non-equilibrium state to form amorphous carbon. 

[0034] Therefore, as for the amorphous carbon structure 
produced thereby, it is possible to initiate a groWth in a much 
Wider range than the effective diameter of the electron beam 
or ion beam irradiated thereto. For example, When there is 
used a focussed ion beam apparatus using a Ga+ion having 
an accelerated energy of 30 keV, the impact depth (the 
penetration length) of the primary ion is about 20 nm and the 
scattering length of generated secondary electrons in graph 
ite is about 20 nm; therefore, the groWth of amorphous 
carbon is initiated in a range larger than the beam diameter 
of the primary ion beam. For example, in a decomposition 
reaction of phenanthrene used as a reaction precursor, it is 
reported that production of an amorphous carbon pillar of 
about 80 nm in diameter is possible by using a Ga+ ion beam 
of 5 nm in diameter. 

[0035] In addition, In the course of groWing a pillar 
shaped ultra-?ne amorphous structure, When the center of 
the position of an irradiation beam is shifted from the pillar 
center, the range of scattering of secondary electrons gen 
erated therefrom is shifted correspondingly. As a result, 
secondary electrons are released from the side Wall of the top 
end of the groWing pillar and the side Wall of the top end 
becomes a neW groWing point. Hence, an overhanging neW 
branch stretches toWard the lateral direction from the side 
Wall of the pillar top end. When this lateral direction groWth 
and beam rotational scanning are combined, there can be 
produced a nano-scale amorphous carbon structure having a 
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desired ultra-?ne structure such as Wine glass shape or coil 
shape both having a holloW portion in the center, Which Were 
reported by, for example, Matsui, Fujita, etc. [L. Vac. Sci. 
Technol. B 16 (6), 3181-3184 (2000)]. 

[0036] Incidentally, When a nano-scale amorphous carbon 
steric structure is produced by a decompositive formation 
reaction using a focussed ion beam, in particular, for such 
groWth condition that phenanthrene is used as a reaction 
precursor and a Ga+ ion of 30 keV is employed therefor, a 
groWth speed of about 1 pm/min is obtained by selecting, for 
example, an ion current of 1 nA and a raW material gas 
partial pressure of 1x10“6 Torr. 

[0037] Furthermore, It is also possible to produce a nano 
scale amorphous carbon steric structure by a decompositive 
formation reaction using an electron beam. In this case, as 
the accelerated energy of the electron beam used therein is 
chosen in loWer acceleration energy, the shape controllabil 
ity of the steric structure obtained is better. That is, if the 
acceleration voltage of electrons is higher, the penetration 
length of primary electrons in amorphous carbon is larger; 
the primary electrons applied happen to permeate the layer 
of deposited amorphous carbon and reach the surface of the 
substrate Which is un-intentioned; consequently, by-prod 
ucts are formed on the position un-intended; as a result, it 
may be a factor for loWering the shape controllability. 
MeanWhile, With primary electrons of loWer acceleration, 
the penetration length is smaller; incidentally thereto, the 
amount of the secondary electrons released Within the amor 
phous carbon deposit becomes relatively larger; and the 
shape controllability becomes better. Consequently, the pro 
duction of an ultra-?ne steric structure at high stability and 
high reproducibility becomes easier. 

[0038] In the present invention, there can be used a 
nano-scale amorphous carbon structure containing catalyst 
metal atoms therein. For example, When, in producing an 
amorphous carbon structure utiliZing the above-mentioned 
reaction by means of excitation With electron beam or ion 
beam, there are used, as reaction precursors, not only 
hydrocarbon molecules but also organometal molecules 
containing catalyst metal atoms to obtain the structure being 
auto-doped, in the course of groWth, With the catalyst metal 
atoms available-form the decomposition of the organometal 
molecules. In this technique, it is desired that the hydrocar 
bon molecules and organometal molecules both used as 
reaction precursors are decomposed in a state that they are 
adsorbed on the surface targeted. As the hydrocarbon mol 
ecules, there can be used vapor of a high-molecular hydro 
carbon, for example, vapor of a polycyclic aromatic hydro 
carbon such as phenanthrene. As the organometal molecules, 
there can be used, for example, ferrocene that is an orga 
noiron compound containing iron ?t to catalyst metal atoms, 
and metallocenes or metal carbonyl compounds such as 
nickel carbonyl and molybdenum carbonyl, Which all con 
tain catalyst metal atoms. Besides, as for the catalyst metal 
atoms usable therefor, there can be used iron, in addition to 
nickel and molybdenum, alloys and mixtures thereof, and 
further metal elements Which can function as a catalyst in the 
above-mentioned groWth of a nano-tube by a decompositive 
formation reaction of methane gas. 

[0039] Alternatively, there can be used such method in 
Which catalyst metal atoms are adhered in advance onto the 
surface of a substrate, and then amorphous carbon structure 
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are constructed thereon, Whereby formed is a nano-scale 
amorphous carbon structure having the catalyst metal atoms 
adhered selectively on the bottom, ie on the side contacting 
With the surface of the substrate. It is also possible to 
produce a nano-scale amorphous carbon structure and then 
adhering catalyst metal atoms onto the surface of the struc 
ture by vapor deposition or sputtering. 

[0040] Incidentally, in the amorphous carbon, the content 
of the catalyst metal atoms added locally thereto can be 
selected in a range of, for example, several % to ten and odd 
% in terms of a ratio of numbers of atoms represented by 
(catalyst metal atoms)/(catalyst metal atoms+carbon atoms). 
When ?rst being adhered on the surface and then being 
diffused therein, the content of the catalyst carbon atoms in 
the resulting amorphous carbon can be selected also in a 
range of several % to ten and odd % in terms of a ratio of 
numbers of atoms represented by (catalyst metal atoms)/ 
(catalyst metal atoms+carbon atoms). On the other hand, 
When being added into the Whole portion of the amorphous 
carbon, the content of the catalyst metal atoms in the 
resulting amorphous carbon can be selected at a signi?cantly 
loWer level than that for the above-mentioned case Where 
being added locally. 

[0041] Furthermore, In the present invention, When, in the 
process for producing an amorphous carbon steric structure 
by the above-mentioned reaction by means of beam-excita 
tion, there is used such a method in Which the doping the 
catalyst metal atoms in the amorphous carbon steric struc 
ture is conducted by using organometal molecules and 
high-molecular hydrocarbon molecules, as reaction precur 
sors, the content of the catalyst metal atoms in the structure 
is controlled Well by using a plurality of gas feeding noZZles 
as means for supplying raW material gases and by feeding a 
hydrocarbon gas (eg a phenanthrene gas) and an organo 
metal gas (eg a ferrocene gas) independently. MeanWhile, 
When catalyst metal atoms are added only to a portion of the 
amorphous carbon steric structure, there can be chosen such 
a manner in Which the organometal gas is fed only to the 
required portion thereof by using the means for feeding 
separately and independently as described above. When the 
groWth conditions, etc. have been Well established, it is 
possible to employ such a Way Wherein a plurality of raW 
materials are mixed beforehand at a given ratio, and then the 
resulting mixture of raW materials is gasi?ed by heating to 
feed. 

[0042] In the production process of the present invention, 
a nano-scale amorphous carbon structure having a desired 
tWo-dimensional or three-dimensional steric con?guration is 
beforehand produced by the Way described above to obtain 
the steric structure being in such a state that catalyst metal 
atoms such iron, nickel, molybdenum or the like are con 
tained in the inside of the structure or are adhered on the 
surface thereof; after that, When being subjected to a heat 
treatment, the amorphous carbon is converted into graphite 
crystals by a solid-phase catalytic thermal reaction induced 
by the catalyst metal atoms. Even in this solid-phase reac 
tion, the external shape of the steric structure is maintained; 
therefore, there can be obtained, at a high reproducibility, a 
nano-scale graphite structure holding the desired steric con 
?guration that has been formed in advance. The solid-phase 
catalytic thermal reaction induced by the catalyst metal 
atoms is equivalent to, for example, a reaction in Which a 
binary alloy betWeen graphite and iron gives rise to phase 
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separation at 738° C. and there appear austenite, cementite 
(Fe3C) and graphite; therefore, the temperature of the above 
heat treatment is preferred to be selected at temperatures 
equivalent to said temperature of phase separation. In the 
groWth of graphite by a solid-phase reaction using iron as 
catalyst metal atoms, the temperature of the heat treatment 
differs slightly depending upon, for example, the content of 
the catalyst metal atoms and the condition of their addition, 
for example, Whether being uniformly involved in amor 
phous carbon structure or being adhered on the surface 
thereof, but it is preferred that a heat treatment is conducted 
in vacuum at the temperatures being selected in levels of 
about 740° C. In addition, the temperature of the heat 
treatment may be appropriately selected depending upon the 
kind, content and addition condition of the catalyst metal 
atoms used; hoWever, When iron, nickel, molybdenum or the 
like are used as for catalyst metal atoms, the heat treatment 
temperature may be chosen from temperatures at Which the 
rapid vaporiZation of the loW-melting metal (e.g. Ga) result 
ing from ion beam takes place, and is a loW temperature, for 
instance, preferably conducted is heat treatment at such loW 
temperature chosen in range of at least 600° C. or higher, 
more preferably of 700° C. to 900° C. At least, the loW 
temperature heat treatment is preferably conducted at a 
temperature far loWer than the temperature at Which changes 
in the internal structure of the amorphous carbon Will 
progress alone Without any help of the solid-phase reaction 
induced by catalyst metal atoms. When said loW-tempera 
ture heat treatment is conducted, the degree of vacuum is 
desirably set at least to a degree of vacuum at Which the 
rapid vaporiZation of the loW-melting metal (e.g. Ga) used 
for ion beam takes place, preferably, for example, 1x10-6 
Torr or less. 

[0043] In the production process of the present invention, 
conversion from amorphous carbon into graphite crystals is 
originated by a solid-phase catalytic thermal reaction With 
catalyst metal atoms. When there is used, for example, such 
a structure in Which the catalyst metal atoms are selectively 
adhered on the bottom surface of the amorphous carbon 
structure, ie the portion thereof contacting With the surface 
of the substrate, or after the formation of a nano-scale 
amorphous carbon structure, the catalyst metal atoms are 
selectively adhered by vapor deposition or sputtering on the 
surface of the structure, the catalyst metal atoms adhered on 
its surface Will diffuse into the inside of the structure With 
the progress of a solid-phase catalytic thermal reaction, 
Whereby graphitiZation is advanced. As the result, the 
graphitiZation starts from the end surface thereof and 
spreads over the Whole portion of the structure With the 
advancement of the diffusion front end of the catalyst metal 
atoms, and thus there is obtained a nano-scale graphite 
structure resulting from Wholly graphitiZation at a high 
reproducibility, independent of its external shape. 

EXAMPLES 

[0044] The present invention is illustrated more speci? 
cally beloW by shoWing Examples. These Examples pre 
sented herein are some of the best modes for carrying out the 
present invention, but the present invention is not restricted 
to these speci?c embodiments. 

[0045] FIG. 1 shoWs a ?rst embodiment in Which the 
process for producing a nano-graphite structure according to 
the present invention has been applied to production of a 
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pillar-shaped graphite structure. In particular, FIG. 1 illus 
trates an example in Which used is such a structure doped 
With iron as catalyst metal atoms selectively in the front end 
of a pillar-shaped amorphous carbon structure 2 formed on 
a substrate 1, and it is converted into a pillar-shaped graphite 
structure by a heat treatment. 

[0046] The formation of the pillar-shaped amorphous car 
bon structure 2 on the substrate 1 is conducted by a decom 
positive formation reaction of a reaction precursor by means 
of a focussed ion beam. A focussed ion beam of Ga+ is 
applied to a target position on the substrate 1 and, simulta 
neously thereWith, a reaction precursor gas is introduced 
thereon. In this case, vapor of phenanthrene is used for 
formation of amorphous carbon, and ferrocene is used for 
doping of catalyst metal atoms. First, a phenanthrene cru 
cible is heated up to about 80° C. and the phenanthrene 
vapor obtained by sublimation is used as a reaction precur 
sor for the reaction by means of beam-excitation. In this 
case, the partial pressure of the phenanthrene gas in a reactor 
is 2x10‘5 Pa. The phenanthrene vapor is fed from the 
crucible and injected, via a gas tube and a gas noZZle, to the 
vicinity of the position for beam irradiation on the substrate 
1. Incidentally, the vapor is injected as a gas jet from the gas 
noZZle and its actual partial pressure being locally obtained 
in the vicinity of the beam application position is presumed 
to be higher by several digits than its average partial pressure 
in the reactor. When a Ga+ ion beam of 1 nA ion current is 
applied, the decomposition of phenanthrene progresses at 
the position of ion beam irradiation, and thereby an amor 
phous carbon pillar of nano-scale such as shoWn in FIG. 1 
is groWn on the substrate 1. When the position for beam 
irradiation is scanned in, for example, an X-Y direction, 
there can be produced a three-dimensional structure of 
desired shape, such as beaker or belloWs like shape or Wine 
glass like form, depending upon the position of scanning. 

[0047] The advantage of the process for producing an 
amorphous carbon structure by using an ion beam is that the 
process is suitable for production of a three-dimensional 
structure having a desired shape such as mentioned above. 
This high shape controllability oWes mainly to a fact that the 
penetration and diffusion lengths of ion beam into substance 
are relatively short. That is, it is due to the feature that oWing 
to the short penetration and diffusion lengths of beam, the 
region Where the secondary electrons generated by ion 
impact occur is quite limited. Thus, the region of occurrence 
of secondary electrons is limited to a center at the irradiation 
position of ion beam and a range of several tens of nano 
meters surrounding the center. In this very small region 
alone, there occurs a decompositive formation reaction of a 
reaction precursor layer adsorbed on the substrate, Whereby 
groWth is attained in a nano-scale pillar shape. 

[0048] At that time, When the position of ion beam irra 
diation is shifted gradually from the pillar center in the 
radical direction thereof, the region of occurrence of sec 
ondary electrons shifts correspondingly thereto. For 
example, When the beam position is laterally moved at the 
top end of the pillar, occurrence of secondary electrons 
begins at the neW position to be moved, i.e. at the pillar side 
Wall. As a result, a decompositive formation reaction takes 
place onto the side Wall and groWth of amorphous carbon 
begins in the direction to the side Wall (in the direction for 
movement). That is, by conducting scanning of ion beam, 
formation of an overhanging shape becomes possible. HoW 
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ever, since the region of occurrence of secondary electrons 
is narroW, the groWth range at the side Wall is limited to 
several tens of nano-meters, and therefore, the construction 
formed on the side Wall neither reaches the substrate surface 
nor contacts thereWith. 

[0049] Accordingly, When the position of ion beam irra 
diation is scanned in an X-Y direction to give rise to rotary 
motion and the groWth rate of amorphous carbon in upper 
(Z) direction is large enough to prevent it from making 
contact With the originally groWn portion after one circular 
turn, there can be formed a coil spring-like structure. When 
the rotational speed of beam scanning is larger, the groWth 
per each rotation overlaps With each other in a Z direction, 
and the rotational radius for beam scanning is changed 
periodically, there can be gained formation of an amorphous 
carbon in belloWs or beaker shape. Further, When there are 
combined a groWn portion of a ellipsoidal shape obtained by 
such a rotary motion for beam scanning and a groWn portion 
of a pillar shape obtained by ?xation of position for beam 
irradiation, there can be obtained a non-uniform shape such 
as Wine glass, comprising of a pillar-shaped leg portion and 
an ellipsoidal cup portion. 

[0050] Further, When, in the course of production of an 
amorphous carbon structure, application of ion beam is 
stopped temporarily to pause the groWth and then the 
position of ion beam irradiation is shifted aWay to other 
separate position on the already produced structure, groWth 
can be restarted on the neW irradiation position. Therefore, 
by utiliZing this technique, there can be produced, for 
example, an amorphous carbon structure having a branch 
stretched at the middle, such as shoWn in FIG. 6, and a 
desired structure having, for example, T-shape branch or 
Y-shape branch can be produced. Such a branched structure 
is very important in production of devices or nano-mechani 
cal structural parts. 

[0051] MeanWhile, it is possible to conduct such a reaction 
by means of excitation With an electron beam in place of a 
focussed ion beam. When an electron beam is used, the 
penetration length of electrons is far larger than that of ions 
for the same accelerated energy used; therefore, occasion 
ally the electrons may pass through a nano-scale amorphous 
carbon structure being groWn. Hence, When there is adopted 
a reaction by means of beam excitation using an electron 
beam, an electron beam of relatively loW accelerated energy 
is used to shorten the penetration length thereof, Whereby 
can be produced the same steric amorphous carbon structure 
as that formed using a focussed ion beam. The advantage 
When using an electron beam is no presence of undesired 
element in the structure produced, While When an ion beam 
is used, a penetrated ion species remains in the structure 
produced, and thus the amorphous carbon structure formed 
contains an ion source element such as Ga. 

[0052] In the example shoWn in FIG. 1, an amorphous 
carbon pillar is formed by such an method using a reaction 
by means of an ion beam excitation, after Which there is 
formed, at the front end, a portion being doped With Fe as a 
catalyst metal 5. At that time, the reaction precursor gas is 
sWitched from a phenanthrene vapor to a ferrocene vapor for 
iron doping. When ferrocene is decomposed by an ion beam, 
a mixture of Fe and carbon is deposited. In the example of 
FIG. 1, the thickness of the Fe-containing carbon deposit 
layer is about 100 nm. 
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[0053] The pillar-shaped amorphous carbon structure 
locally doped With iron is subjected to a heat treatment in 
vacuum at about 740° C. for 1 hour. In this heat treatment, 
the ion species Ga remaining in the amorphous carbon 
structure, Which is a loW-melting metal, ooZes out at the 
amorphous carbon pillar surface at the early stage of heat 
treatment. When heated up to about 600° C., the Ga eXuded 
appears at the surface as a melt, then vaporiZes aWay 
completely, and does not remain in the pillar. After that, in 
the step of heat treatment at 740° C., the iron doped in the 
front end agglomerates and diffuses into the pillar. In this 
diffusion stage, the amorphous carbon undergoes graphiti 
Zation catalyZed by iron and, simultaneously thereWith, the 
iron runs through the inside of the pillar coherently and in 
?nal reaches the loWer end of the pillar. Finally, as shoWn in 
FIG. 2, the Whole pillar is graphitiZed and becomes a 
graphite structure 4 keeping the original shape of the amor 
phous carbon structure 2; at the loWer end of the graphite 
structure 4 remains a region in Which the catalyst metal iron 
5 is gathered. 

[0054] By applying the process of the present invention to 
a nano-scale amorphous carbon structure producible by the 
method using a focussed ion beam having a high shape 
freedom and eXcellent shape controllability for the form 
produced thereby, as eXplained above, there can be graphi 
tiZed a nano-scale amorphous carbon structure produced in 
any desired shape. The process of the present invention may 
be used in the manner described beloW, for eXample, When 
an ion beam of very loW accelerated energy is used to 
shorten its scattering length, an amorphous carbon pillar of 
very small diameter can be produced thereby; and then When 
it is graphitiZed, there can be produced a nano-tube-like 
graphite structure controlled in position and shape. While 
conventional nano-tubes are very often synthesiZed in a pile 
like form being miXed together in bulk, a nano-tube-like 
graphite structure can be produced in a strictly controlled 
shape at a required site alone by applying the process of the 
present invention. Therefore, not speaking of electronic 
devices, the process has very Wide applications in such a 
?eld as bio devices and etc. 

[0055] The eXample shoWn in FIG. 1 is such an embodi 
ment in Which an amorphous carbon pillar is doped With iron 
as catalyst metal atoms using ferrocene, locally at the front 
end. Alternatively, there can be chosen such an embodiment 
in Which a layer doped locally With iron as catalyst metal 
atoms is formed in advance on a substrate by using ferrocene 
and, successively, an amorphous carbon pillar is produced 
thereon, Whereby iron is contained as catalyst metal atoms 
locally in the loWer end (part being groWn initially) of the 
pillar. Even in this embodiment in Which iron is doped as 
catalyst metal atoms locally at the loWer end, the Whole 
pillar, When subjected to a similar heat treatment, is graphi 
tiZed and can be converted into a graphite structure holding 
the original shape of the amorphous carbon structure. 

[0056] Furthermore, FIG. 3 shoWs another embodiment in 
Which the process for producing a nano-graphite structure 
according to the present invention has been applied to 
production of a pillar-shaped graphite structure. In particu 
lar, FIG. 3 illustrates an eXample in Which used is such a 
structure doped With iron as catalyst metal atoms Wholly in 
a pillar-shaped amorphous carbon structure formed on a 
substrate 1, and it is converted into a pillar-shaped graphite 
structure 3 by a heat treatment. 
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[0057] That is, in producing a pillar-shaped amorphous 
carbon structure using a reaction by means of an ion 
beam-excitation, the decompositive formation reaction is 
carried out by feeding not only phenanthrene but also 
ferrocene at a given miXing ratio to obtain an amorphous 
carbon structure 3 doped With iron as catalyst metal atoms 
uniformly in the Whole portion of the pillar. In the center of 
the pillar structure there is an irrdatiaton spot of ion beam, 
and the distribution of the ion species Ga remaining therein 
is concentrated in the center of the pillar structure. When the 
amorphous carbon structure is subjected to a heat treatment, 
Ga concentrated in the pillar center slips out and the voids 
left behind stand as a holloW portion. After that, While the 
heat treatment is being carried out, the iron atoms doped 
uniformly in the Whole portion of the pillar catalyZe the 
graphitiZation of the amorphous carbon and gradually gather 
in the holloW-shaped central aXis portion of the pillar, and a 
graphite structure is formed round the center. 

[0058] The graphite structure obtained becomes a pillar 
shaped graphite structure containing iron as catalyst metal 
atoms, in the central aXis portion, and this featue is important 
technique in applications for utiliZing a catalyst-containing 
graphite. Incidentally, after forming an opening at the top 
end of the pillar-shaped graphite structure using a chemical 
or physical means, for eXample, ion beam etching, the iron 
contained in the central aXis portion may be removed 
selectively by applying a chemical treatment. 

[0059] FIG. 4 shoWs the third embodiment in Which the 
process for producing a nano-graphite structure according to 
the present invention has been applied to production of a 
pillar-shaped graphite structure. In particular, FIG. 4 illus 
trates an eXample in Which used is a structure being prepared 
by such a Way Where a ?lm of iron as catalyst metal atoms 
5 is deposited in advance by vapor deposition or sputtering 
to cover on a substrate 1; a pillar-shaped amorphous carbon 
structure is formed thereon to obtain the structure having 
catalyst metal atoms adhered on the bottom surface of the 
amorphous carbon structure; and then it is converted into a 
pillar-shaped graphite structure by a heat treatment. 

[0060] In the heat treatment, the iron as catalyst metal 
atoms adhered on the surface of the amorphous carbon 
structure diffuses into the amorphous carbon, and in very 
similar manner to the case of the iron as catalyst metal atoms 
doped on the loWer end, the amorphous carbon undergoes 
graphitiZation catalyZed by iron and, simultaneously there 
With, the iron runs through the inside of the pillar coherently 
and in ?nal reaches the top end of the pillar. Finally, the 
Whole pillar is graphitiZed and becomes a graphite structure 
keeping the original shape of the amorphous carbon struc 
ture; at the top end thereof remains a region in Which the 
catalyst metal iron 5 is gathered. 

[0061] Incidentally, it is possible as necessary that the 
coating ?lm of catalyst metal atoms 5 formed on the 
substrate 1 is processed in, for eXample, a dot shape patter 
by lithography and then an amorphous carbon structure 
having a cross-sectional shape corresponding to the dot is 
formed only on the dot-shaped coating ?lm by a reaction by 
means of focussed ion beam excitation With high shape 
controllability. In this case, no unnecessary coating With the 
?lm of catalyst metal atoms subsists on the surface of the 
substrate 1 and a nano-scale graphite structure of desired 
shape can be formed at an intended position. 
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[0062] FIG. 5 shows the fourth embodiment in Which the 
process for producing a nano-graphite structure according to 
the present invention has been applied to production of a 
pillar-shaped graphite structure. In particular, FIG. 5 illus 
trates an example in Which used is a structure being prepared 
by such a Way Where a pillar-shaped amorphous carbon 
structure is formed on a surface of a substrate 1; and then the 
?lm of iron as catalyst metal atoms is deposited by vapor 
deposition or by sputtering to cover thereon, Whereby the 
catalyst metal atoms 5 is adhered on the front end surface of 
the pillar-shaped amorphous carbon structure 2; and then it 
is converted into a pillar-shaped graphite structure by a heat 
treatment. 

[0063] In the heat treatment, the iron as catalyst metal 
atoms adhered on the surface of the amorphous carbon 
structure diffuses into the amorphous carbon, and in very 
similar manner to the case of the iron as catalyst metal atoms 

doped on the front end, the amorphous carbon undergoes 
graphitiZation catalyZed by iron and, simultaneously there 
With, the iron runs through the inside of the pillar coherently 
and in ?nal reaches the loWer end of the pillar. Finally, the 
Whole pillar is graphitiZed and becomes a graphite structure 
keeping the original shape of the amorphous carbon struc 
ture; at the loWer end thereof remains a region in Which the 
catalyst metal iron 5 is gathered. 

[0064] Incidentally, in the embodiment shoWn in FIG. 5 
Wherein an amorphous carbon structure is formed and then 
catalyst metal atoms 5 are coated thereon by vapor deposi 
tion or by sputtering, as the vapor deposition or sputtering 
used is not a means for deposition With high directionality, 
it may happen that iron or the like as catalyst metal atoms 
adheres in a small amount on the side Wall of the pillar, in 
addition to the front end surface of the pillar-shaped amor 
phous carbon structure 2. In such a case, in addition to the 
main process of graphitiZation developing from the iron ?lm 
of catalyst metal atoms coated on the front end, there also 
progresses in parallel subsidiary process of graphitiZation 
due to the small amount of iron adhering on the sideWall. As 
a result, there may be formed a graphite structure compris 
ing, in addition to the stretching of the main graphite crystal 
domain developing from the front end, a plurality of micro 
scopic domain structures of graphite crystal originated inde 
pendently from the sideWall. In contrast to a single graphite 
crystal domain such as a nano-tube, a graphite structure 
comprising a plurality of microscopic domain structures of 
graphite crystal has an advantage from the standpoint of 
mechanical strengths, While such coexistence of the micro 
scopic domain structures of graphite crystal may become 
retarding factor in the case of utiliZing the nano-tube like 
electrical properties resulting from the single graphite crys 
tal domain. That is, some inclusion of graphite crystal 
domains of different orientations is effective to provide a 
graphite steric structure With an isostatic strength distribu 
tion. 

[0065] FIG. 6 is the ?rst embodiment in Which the process 
for producing a nano-graphite structure according to the 
present invention has been applied to production of a 
Y-branched graphite structure. In particular, FIG. 6 illus 
trates an example in Which used is such a structure being 
prepared by such a Way Where iron as catalyst metal atoms 
is doped selectively onto each front end of the Y-branched 
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amorphous carbon structure 2 formed on a substrate 1, and 
it is converted into a Y-branched graphite structure 3 by a 
heat treatment. 

[0066] First, a pillar-shaped amorphous carbon structure is 
produced using a focussed ion beam having excellent shape 
controllability; and then When the position of beam irradia 
tion is shifted to a site on the side Wall of the structure made 
out, re-groWth can be initiated from the irradiation position, 
Whereby a branched structure With Y-shape shoWn in FIG. 
6 can be constructed. In this case, the site for branching off 
can be set at a desired position by determining a beam-point 
With use of observed image of secondary ion generated 
therefrom. Then, the beam-point is gradually moved in the 
stretching direction of branch and branching is completed. 
Next, ferrocene as a reaction precursor is fed onto the front 
ends of the tWo branches to form, on each front end, a layer 
doped With iron as catalyst metal atoms 5. The thickness of 
each layer doped With iron is about 100 nm as mentioned 
above for the example of FIG. 1. The diameters of both the 
tWo branches are about 100 nm. 

[0067] The Y-branched graphite structure 2 having, on 
each of the front ends thereof, a layer doped With iron as 
catalyst metal atoms 5 is subjected to a heat treatment at 
740° C. for 2 hours to graphitiZe amorphous carbon of both 
the tWo branches, Whereby the structure is converted into a 
nano-scale Y-branched graphite structure 3 holding the 
original Y-branched con?guration, as shoWn in FIG. 7. In 
this example as Well, each branch is composed of a graphite 
crystal domain stretched from the front end thereof. 

[0068] Thus, a nano-scale amorphous carbon three-dimen 
sional steric structure of desired shape can be produced at a 
desired position With a high position selectivity using a 
beam-excited reaction, and When heat-treated, each struc 
tural unit constituting the three-dimensional steric structure 
can undergo in parallel graphitiZation Which is induced by 
catalyst metal atoms. Accordingly, the process for producing 
a nano-graphite structure according to the present invention 
can be applied to production of a nano-scale graphite 
structure having not only a T- or Y-shaped branch but also 
a desired tWo-dimensional or three-dimensional con?gura 
tion. The high freedoms of position and shape control as Well 
as the high controllability thereof are very important in its 
applications to devices or in biotechnology. 

INDUSTRIAL APPLICABILITY 

[0069] The process for producing a nano-graphite struc 
ture according to the present invention has such a great merit 
that a nano-scale graphite structure of desired shape can be 
produced at a desired position With high controllability by 
using the process in Which a nano-scale three-dimensional 
amorphous carbon structure is in advance produced by a 
decompositive formation reaction With use of an aromatic 
hydrocarbon gas or the like as a reaction precursor gas by 
means of beam-excitation utiliZing a focussed ion beam 
apparatus or an electron beam apparatus; and then When the 
structure is subjected to a loW-temperature heat treatment, 
graphitiZation of amorphous carbon can be made With high 
reproducibility by a catalytic thermal reaction using catalyst 
metal atoms doped in the structure or catalyst metal atoms 
adhered on the surface thereof. In addition, the graphite 
structure producible by applying the process for production 
of the present invention has high controllability of shape and 
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high freedom in production position, and thus is very 
effective in application to nano-tube electronics devices or in 
biotechnology. 

1. A process for producing a nano-graphite structure 
having a desired tWo-dimensional or three-dimensional 
nano-scale steric con?guration, characteriZed in that the 
process for producing the nano-graphite structure comprises 
a step of applying a heat treatment to a steric structure Which 
is an amorphous carbon structure having a nano-scale steric 
con?guration equivalent to said desired tWo-dimensional or 
three-dimensional nano-scale steric con?guration and is 
equipped With catalyst metal atoms involved Within the 
inside thereof or adhered on the surface thereof, to graphitiZe 
said amorphous carbon thereof and convert the structure to 
a graphite structure keeping the shape of nano-scale steric 
con?guration. 

2. Aprocess as claimed in claim 1, Wherein said catalyst 
metal atoms are iron, nickel or molybdenum. 

3. A process as claimed in claim 1, Wherein said heat 
treatment is a heat treatment at a loW temperature in Which 
the treatment temperature is selected Within a range of 700° 
C. to 900° C., depending upon the kind of said catalyst metal 
atoms. 

4. A process as claimed in claim 1, Wherein said amor 
phous carbon structure having the nano-scale steric con?gu 
ration is an amorphous carbon structure having a holloW 
three-dimensional steric con?guration formed in nano-scale, 
Which is constructed through a decompositive synthetic 
reaction by means of a focussed ion beam by using at least 
hydrocarbon molecules as a reaction precursor for carbon 
source therefor. 

5. Aprocess as claime in claim 1, Wherein said amorphous 
carbon structure having the nano-scale steric con?guration is 
an amorphous carbon structure having a holloW three 
dimensional steric con?guration formed in nano-scale, 
Which is constructed through a decompositive synthetic 
reaction by means of an electron beam by using at least 
hydrocarbon molecules as a reaction precursor for carbon 
source therefor. 

6. A process according to claim 1, Wherein said amor 
phous carbon structure having a nano-structure steric con 
?guration is a structure being constructed through a decom 
positive synthetic reaction by means of a beam source for 
excitation chosen from a focussed ion beam or an electron 
beam by using organometal molecules and high-molecular 
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hydrocarbon molecules as reaction precursors for carbon 
source therefor, and involving the metal element contained 
in said organometal molecules Within the inside of the steric 
structure formed, as the catalyst metal atoms. 

7. A process as claimed in claim 6, Wherein said amor 
phous carbon structure having a nano-scale steric con?gu 
ration is a structure containing said catalyst metal atoms in 
the Whole portion of the steric structure formed and, When 
subjected to a heat treatment, said amorphous carbon thereof 
is graphitiZed by a catalytic thermal reaction to be converted 
into a three-dimensional structure made of graphite. 

8. A process as claimed in claim 6, Wherein said amor 
phous carbon structure having a nano-scale steric con?gu 
ration is a structure containing said catalyst metal atoms in 
a portion of the steric structure formed, and When subjected 
to a heat treatment, said amorphous carbon thereof is graphi 
tiZed by a catalytic thermal reaction to be converted into a 
three-dimensional structure made of graphite. 

9. A process according to claim 1, Wherein said amor 
phous carbon structure having a nano-scale steric con?gu 
ration is a structure constructed on the surface of a substrate, 
Which is formed in such a Way Where said catalyst metal 
atoms are adhered onto said surface of a substrate by vapor 
deposition or by sputtering, prior to the construction thereof, 
to be equipped With the catalyst metal atoms adhered on the 
bottom surface of the steric structure, and When subjected to 
a heat treatment, said amorphous carbon thereof is graphi 
tiZed by a catalytic thermal reaction to be converted into a 
three-dimensional structure made of graphite. 

10. A process as claimed in claim 1, Wherein said amor 
phous carbon structure having a nano-scale steric con?gu 
ration is a structure being equipped With said catalyst metal 
atoms that are adhered by vapor deposition or by sputtering, 
post to the constriction thereof, on said surface of the 
structure, and When subjected to a heat treatment, said 
amorphous carbon thereof is graphitiZed by a catalytic 
thermal reaction to be converted into a three-dimensional 
structure made of graphite. 

11. A graphite structure having a desired tWo-dimensional 
or three-dimensional nano-scale steric con?guration, char 
acteriZed in that the nano-graphite structure is to be pro 
duced by a process for production set forth in any one of 
claims 1 to 10. 


